A single session of exhaustive exercise is known to increase reactive oxygen species production in untrained individuals and, consequently, generate oxidative stress [1] . Similarly, athletes of intense aerobic exercise modalities, such as triathlon, could have increased plasmatic oxidative stress [2] , which can be related to less or more efficient performance in a field test [3] . However, it has been demonstrated that chronic exercise is associated with a significant reduction in pro-oxidant parameters and an increase in antioxidant capacity [4] . 
INTRODUCTION
Participants rested for 3 min before starting the test. In the cycle ergometer test, the initial workload was 25 W and it was increased by 25 W every 1 min, whereas in the treadmill test the initial speed was 5 km/h and the work rate was further increased by 0.5 km/h every 20 s. All tests lasted between 8 and 14 min. Heart rate was monitored continuously using a heart rate monitor (POLAR S610).
The instruments were calibrated before all tests.
Anthropometric evaluation
Body mass was determined in the athletes without shoes or coats using a calibrated electronic scale and height was measured with a stadiometer. Subcutaneous body fat was assessed using a Lange skin-fold caliper from 7 sites (triceps, pectoral, midaxillary, subscapular, abdominal, suprailiac, quadriceps), and body fat percent was obtained [15] .
Dietary intake
The previous dietary intake of the participants was assessed before the study began, using a 3-day food record (excluding weekends, to reflect usual training schedule). Participants were individually instructed on how to record food intakes using standard household measurements (a face-to-face interview). Each participant received a foods guidebook containing photographs showing household utensils and serving sizes. After the food diary had been filled in, a welltrained nutritionist examined it with the participant's help in order to assess the records and eliminate inconsistencies. Moreover, the nutritionist verified and quantified the food records. All food items consumed were transformed into nutrients using the NUTWIN computer program for dietary analysis (UNIFESP, 1.5 version, 2002, SP, Brazil). The following food characteristics were used: total energy intake (relative to body mass); percentages of total energy from carbohydrates, proteins, and fats; and the dietary intake (total g, mg or mcg) of carbohydrates, proteins (relative to body mass), fats, fatty acids (saturated, mono-unsaturated (MUFA), poly-unsaturated (PUFA)), fibre, iron, β-carotene, ascorbic acid and α-tocopherol.
This study focused on two dietary interventions -RE-diet and AO-diet -for 14 days. Individualized diets were calculated to provide energy according to the training schedule to meet the recommended daily requirements. Macronutrients were in accordance with guidelines for endurance athletes. The diet period was chosen based on previous research that used supplementation with an antioxidant mixture or diets with high/low amounts of fruits and vegetables [7] .
The RE-diet consisted of the RDA for α-tocopherol (15 mg), twice the RDA for ascorbic acid (180 mg), and the RDA for vitamin A (900 µg). Vitamins were in accordance with RDA, and did not exceed the upper limit, and the AO-diet consisted of twice the recommended dietary allowance (RDA) for α-tocopherol (30 mg), five times the RDA for ascorbic acid (450 mg), and twice the RDA for vitamin A (1800 µg) [16] . Participants also received: (i) a list of food equivalents for macronutrients; (ii) a list of foods to be avoided and foods to be consumed moderately during the regular diet because of pro-oxidant effects. Despite the possible increased antioxidant capacity with increased vitamin uptake, some studies have demonstrated pro-oxidant effects of these substances in vitro [10] and in vivo [11] .
Hence, a prudent recommendation for athletes is to consume vitamins and minerals of natural foods that are rich in antioxidants, such as fruits and vegetables, where natural ratios and proportions are present, acting in synergy to optimize the antioxidant effects, rather than taking supplements [12] . Daily consumption of vegetables is recommended because they are a rich source of vitamins, minerals, and phytochemicals, which exhibit a large number of biological benefits, such as antioxidant activity. Fruit and vegetable intake is correlated with an increase in plasmatic antioxidant concentration related to consumption frequency [13] . However, the recommended daily consumption of fruits and vegetables is rarely reached [14] .
Therefore, the purpose of the present study was to compare the effects of two dietary interventions on selected blood markers of oxidative stress in competitive athletes. One diet had a high concentration of antioxidants and the other had a regular one. Our hypothesis is that oxidative damage markers should be reduced and antioxidant biochemical parameters should be increased in the antioxidant rich group.
MATERIALS AND METHODS

Subjects and experimental design
Thirteen male amateur triathletes, engaged in the modality for the last 6 years, participated in this study, and all participants signed an informed consent form. The athletes had not used antioxidant supplements for 4 weeks before and throughout study, which was conducted over 14 days. This study was in accordance with the The participants of this study were randomly assigned to either a regular diet (RE-diet) (n=6) or an antioxidant-rich diet (AO-diet) (n=7). Maximal exercise tests were performed within two weeks before the beginning of treatments. All participants followed specific diet regimens for 14 days and reported to the laboratory after an 8-h overnight fast. Blood samples at rest were obtained (15 ml), before and after 14 days of diet regimens, from the antecubital vein and collected in tubes with EDTA as an anticoagulant. The baseline blood levels were considered controls, which reflected the intake prior to interventions. All participants continued their training sessions and participated in competitions during the study. Oxidative stress in triathletes their antioxidant vitamin content; (iii) a table of foods rich in β-carotene, α-tocopherol, and ascorbic acid, as well the number of servings to be consumed during the antioxidant diet. Each participant was allowed to choose fruits and vegetables from the list supplied to them, making it a self-selected diet.
Maximal exercise tests
To enhance the adherence to the nutritional advice given throughout the study, every four days during the 14-day diet period, participants were contacted by phone.
Blood collection and sample preparation
Two blood samples were obtained before and after the diet period.
Blood samples (15 ml) were collected in the morning (around 8:00 AM) by venous puncture into tubes containing EDTA (ethylene diamine tetra acetic acid) as an anticoagulant. The athletes were instructed to fast for 8 hours before sample collection, and to abstain from exercise before blood collection.
Aliquots from whole blood were obtained through blood count.
Blood samples were centrifuged at 1000 X g, 5°C, for 5 minutes for plasma separation. The erythrocyte pellet was washed three times with 0.9% NaCl. The washed cells were lysed with an equal volume of deionized water. The aliquots of plasma and erythrocyte lysate samples were stored at -70°C until analysed.
In plasma carbonyl, total reduced sulfhydryl, uric acid (UA), total radical trapping antioxidant potential (TRAP), and thiobarbituric acid reactive substances (TBARS) were analysed. In erythrocytes, superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities as well as hydrogen peroxide consumption were determined.
Laboratory analyses
Blood count was obtained by using an electronic haematology analyser (Sysmex SE9500).
Enzymatic antioxidant capacity was evaluated in erythrocyte lysate, and included: SOD activity, determined by the inhibition rate of pyrogallol auto-oxidation, with results expressed as units/mg protein [17] ; hydrogen peroxide consumption, assessed by tracking the decrease in exogenous hydrogen peroxide absorption at 240 nm, with results expressed as pmol/mg protein [18] ; GPx activity, measured by following NADPH oxidation, with results expressed as mmol/min /mg protein [19] .
Non-enzymatic blood markers of oxidative stress were evaluated in plasma samples, and included: non-enzymatic antioxidant capacity (TRAP), which was evaluated by the chemiluminescence method, measured using 320 µM Trolox as standard antioxidant, with results expressed as µM Trolox equivalents [20] ; the TBARS test, measured as an index of lipid peroxidation, with results expressed as ηmol/mg protein [21] ; total reduced sulfhydryl, determined as described by Ellman, with results expressed as ηmol/mg protein [22] ; carbonyl groups, measured as described by Levine et al., with results expressed as ηmol/mg protein [23] . To express total protein results, the Lowry method was used [24] . percentage of carbohydrate was insufficient, and protein was high, for both groups. Both were adjusted for the intervention. The diet groups were adjusted to decrease fat and increase fibre intake. Additionally, antioxidant vitamins showed a great variation between participants in previous diet. Both groups demonstrated an increase in α-tocopherol after the intervention, but β-carotene did not change and ascorbic acid was higher in the AO-diet.
Haematological parameters are shown in Table 3 , with no changes with clinical relevance in any groups, and all were within reference values.
Oxidative stress biomarkers were evaluated by analysing enzymatic antioxidant capacity, which are shown in Figure 1 , and nonenzymatic blood markers, which are shown in Figure 2 . No differences were found at baseline between the RE-diet and AO-diet, and when comparing the groups after interventions, no significant differences were found. The effects of the 14-day intervention in each group showed no changes in enzymatic antioxidant capacity analysed by hydrogen peroxide consumption, and GPx activity, but SOD activ-
Statistical analyses
The statistical significance of the data was assessed using nonpara- 
RESULTS
The initial characteristics are shown in Table 1 . No differences in age, height, body weight, body fat or maximal aerobic power characteristics (VO 2max and ventilatory thresholds), training load, and triathlon experience were observed between participants.
Dietetic data are presented in Table 2 , which shows the comparisons of nutritional parameters. No differences were observed in energy parameters between groups. At baseline (previous diet), the Oxidative stress in triathletes ity increased after the RE-diet (∆=17.5) and after the AO-diet (∆=13.6). In relation to non-enzymatic blood markers of oxidative stress, when analysed together, both groups presented an increase in TRAP, sulfhydryl and lipid damage (TBARS) after the diets, analysed by GEE (p group>0.05, p time<0.05 and p interaction>0.05).
Carbonyl decreased after the diets (p group > 0.05, p time <0.05 and p interaction > 0.05).
DISCUSSION
The present study is an original investigation to verify the effect of an antioxidant-rich diet and of a regular-diet on biomarkers of oxida- In relation to the nutritional interventions and habitual intake, vitamin E ingestion in the diet intervention was doubled. Additionally, the dietary intervention provided higher carbohydrate intake than habitual, which was lower than recommendations by ~60%/day.
We believe that an adequate intake of carbohydrate proposed to these triathletes does not affect oxidative stress parameters, since our goal was to offer a balanced diet for 14 days.
Interestingly, in the present study an increase in SOD activity was found, probably because even in the group receiving the RE-diet, the amount of micronutrients was increased. This suggests that the ath- CAT and GPx activities increased [8] .
In fact, the literature is conflicting in relation to the effects of antioxidant diet/supplementation adaptations on enzymatic activities, probably due to differences in experimental design, sample, amounts of diet compounds, diet period and other factors. Young et al. found
an increase in GPx activity with apple and blackcurrant juice. However, superoxide dismutase and catalase did not show a consistent pattern of change, increasing at lower doses and decreasing at the highest dose [29] . In a model using rats, for a longer period (14 weeks), letes' regular diet has deficiencies, which were corrected by the RE-diet. Two weeks is a short period for expression of an enzyme increase in erythrocytes, which lack the capacity for protein synthesis, but consistent short-term effects, even within hours, on superoxide dismutase activity have been previously reported [25] . The increased SOD activity in erythrocyte agrees with a study on female runners receiving 1 g of vitamin C for 3.3 weeks, compared to placebo [26] , and with sprinters receiving green tea extracts for 4 weeks [27] . Additionally, an increase in neutrophil SOD activity in triathletes in response to supplementation with an antioxidant cocktail (vitamins A, C and E) was observed [28] . In the same study, an increase in catalase and GPx activities was observed. However, no changes were detected in GPx activity and hydrogen peroxide consumption (which reflects the activity of several enzymes capable of consuming hydrogen peroxide) in our study, which used foods instead antioxidant supplementation with α-lipoic acid and α-tocopherol had no significant effect on activities of CAT, GPx and SOD in sedentary animals, while trained animals showed increased GPx and catalase activities [30] .
We found an increase in SOD activity after both diet with no changes in GPx activity and hydrogen peroxide consumption. The SOD primary function is to act as an antioxidant agent, removing superoxide radicals through dismutation of the superoxide anion radical (O 2 After 14 days of RE-diet and AO-diet, a positive effect on TRAP was observed, indicating a higher non-enzymatic antioxidant capacity, which is related to an increased intake of fruits and vegetables, since athletes ate more fruits and vegetables compared to the previous period. Similar results were achieved by Vasankari [34] , in a study with antioxidant supplementation (vitamin C and E) in triathletes. It is possible that the antioxidant capacity of plasma is under tight homeostatic control and can be overridden only with acute consumption of large amounts of antioxidant-rich foods or beverages.
Other antioxidants besides β-carotene, ascorbic acid, and α-tocopherol are also responsible for the protection provided by fruits and vegetables, such as flavonoids [35] . It is therefore plausible that the beneficial effects of a high intake of fruits and vegetables on the risk of diseases may not result exclusively from the action of antioxidants, such as the well-characterized α-tocopherol and ascorbic acid. Rather, they may result from the action of lesser-known compounds or from the concerted action of a combination of different antioxidants present in these foods [36] .
We observed an increase in reduced sulfhydryl after the RE-diet (65%) and AO-diet (75.7%). It is present in proteins and glutathione (GSH), and has been used as a marker of oxidative stress because it is very sensitive to slight changes in reactive species production.
Thus, sulfhydryl is considered a cellular redox sensor and a redox buffer, playing a very important cytosolic antioxidant role [37] . Additionally, we observed a decrease in carbonyl levels, which are raised when the cell suffers a pro-oxidative overload [38] , after both the RE-diet (34.4%) and AO-diet (28.7%), suggesting an improvement in antioxidant status and indicating that moderate or high amounts of antioxidant constituents of the diets might protect protein from oxidation within the plasma compartment. Acute ingestion of antioxidant-supplemented beverages in cyclists (90 min, 70% VO 2max )
resulted in a 29% decrease in protein carbonyls compared to a 14% increase in the placebo group [39] . On the other hand, seven days of high juice intake seemed to have a pro-oxidant effect on plasma proteins [29] .
Surprisingly, the diets increased TBARS levels, unlike other redox parameters. This method is used as a marker of lipoperoxidation, which is most commonly generated through oxidation by the hydroxyl radical (
• OH), the most potent free radical. This reactive oxygen species can be formed via the Fenton reaction, which is favoured by increased levels of hydrogen peroxide and reduced ferrous ion (Fe ++ ) [40] . An imbalance of antioxidant enzymes can increase the hydrogen peroxide, and this imbalance is associated with an increase in vitamin C intake, and can favour the reduction of ferric ion (Fe +++ ) to Fe ++ [12] . Therefore, we believe that it could be one of the mechanisms by which lipoperoxidation increased, since it was demonstrated that vitamin C supplementation increased the resting levels of TBARS [41] .
It is important to note that some studies with antioxidant supplementation showed a pro-oxidant effect in endurance athletes [42, 43] .
Antioxidants can delay muscle repair after exercise, since recovery from exercise is mediated in part by oxidant signalling, and training responses to exercise can also be depressed by antioxidant supplements [44] . Otherwise, mitochondrial biogenesis could be jeopardized by supplements [45] . However, it is important to point out that the doses of the vitamins used in a supplementary way are frequently much higher than those that can be consumed through the diet.
Besides that, antioxidant supplementations in general include one to three antioxidants, and in this way cannot act synergistically as antioxidants in foods.
One limitation of the study was the lack of data on the plasma concentrations of antioxidant vitamins. However, increasing the intake of fruits and vegetables through food increases the plasma concentrations of antioxidant nutrients [13] .
It is likely that the decreased damage of proteins, better redox state and enhanced antioxidant capacity could be related to cellular adaptations. However, further studies are needed, as well as determination of the mechanism responsible for SOD activation.
CONCLUSIONS
In summary, our data suggest that antioxidant-enriched diets, without supplementation, can improve the redox status of triathletes. We observed decreased damage in proteins (shown by diminished carbonyl levels), a better redox state (shown by increased sulfhydryl) and enhanced antioxidant capacity (shown by raised TRAP).
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